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Honey bees (Apis sp.) are the only known bee genus that uses nest-based
communication to provide nest-mates with information about the location of resources,
the so-called “dance language.” Successful foragers perform waggle dances for high
quality food sources and, when swarming, suitable nest-sites. However, since many
species of social insects do not communicate the location of resources to their
nest-mates, the question of why the “dance language” evolved in honey bees is of
ongoing interest. We review recent theoretical and empirical research into the ecological
circumstances that make dance communication beneficial in present day environments.
This research suggests that the “dance language” is most beneficial when food sources
differ greatly in quality and are hard to find. The dances of extant honey bee species differ
in important ways, and phylogenetic studies suggest an increase in dance complexity
over time: species with the least complex dance were the first to appear and species
with the most complex dance are the most derived. We review the fossil record of honey
bees and speculate about the time and context (foraging vs. swarming) in which spatially
referential dance communication might have evolved. We conclude that there are few
certainties about when the “dance language” first appeared; dance communication could
be older than 40 million years and, thus, predate the genus Apis, or it could be as recent
as 20 million years when extant honey bee species diverged during the early Miocene.
The most parsimonious scenario assumes it evolved in a sub-tropical to temperate
climate with patchy vegetation, somewhere in Eurasia.
Keywords: honey bee, waggle dance evolution, dance language, evolution of communication, honey bee foraging,
honey bee evolution, social insect communication
INTRODUCTION
In 1973, the Austrian scientist Karl von Frisch was awarded the Nobel Prize for his research
on the honey bee waggle dance (Von Frisch, 1967). He recognized how this unique form of
communication allowed bees to share information on the location of food sources with nest-mates.
Von Frisch described the dance as “the most astounding example of non-primate communication
that we know” (Von Frisch, 1967). However, there are still considerable gaps in our understanding
of the ecological significance and evolutionary history of the honey bee “dance language” (Grüter
and Farina, 2009). The dance, performed by a honey bee upon returning to the colony having
successfully located a food source, offers information on the presence, odor, quality, direction, and
distance of said food source, enabling nest-mates to exploit it (Von Frisch, 1967; Farina et al., 2005;
Riley et al., 2005; Grüter and Farina, 2009). The direction information is conveyed through the
orientation of the waggle run, whereas the distance information is expressed through the duration
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of the waggle run (for details see Von Frisch, 1967; Riley et al.,
2005; Preece and Beekman, 2014). This direction and distance
communication (also called “dance language”) is unique to honey
bees and will be the focus of this review. We aim to bring
together research on how the honey bee and this complex form of
communication evolved. We will do this by looking at theoretical
and empirical studies on living honey bee species, and also
phylogenetic and fossil studies on extinct and extant species. In
bringing these studies together we hope to offer scenarios about
where, when and why the dance language evolved.
ECOLOGICAL CONTEXT: WHEN IS DANCE
COMMUNICATION BENEFICIAL?
An important feature of dance communication is that bees dance
more for better resources (Von Frisch, 1967). A resource is
graded depending on its energetic value with reference to the
colonies current needs (Seeley, 1986, 1989). As a consequence,
recruits of waggle dances can discover high quality food sources
without having to sample other options in the area first-hand.
There are, however, costs when using social information that
do not exist when using other foraging strategies (memory or
searching for new food sources) (Giraldeau et al., 2002; Grüter
and Leadbeater, 2014). Recruited individuals often fail to find
the advertised food source and must return to the colony to
receive more information (Seeley and Visscher, 1988; Couvillon
et al., 2014; Grüter and Leadbeater, 2014). Such failures are
both temporally and energetically expensive. Furthermore, in
rapidly changing environments social information can quickly
become outdated and therefore unreliable (Giraldeau et al., 2002;
Grüter and Leadbeater, 2014). Hence, there might be conditions
when using spatial information within a waggle dance is not
the most effective strategy. There are many examples of social
insect species that do not communicate spatial information to
nest mates, making the use of such communication in honey
bees all the more interesting (Dornhaus and Chittka, 1999; Nieh,
2004).
The results of empirical and theoretical studies using Apis
mellifera as a model system suggest that the benefits of spatial
dance information depend critically on the spatiotemporal
distribution of food sources (Sherman and Visscher, 2002;
Dornhaus and Chittka, 2004; Beekman and Lew, 2008; Bailis
et al., 2010; Donaldson-Matasci and Dornhaus, 2012; Schürch
and Grüter, 2014). In particular, studies using horizontally
oriented dance floors in the dark have provided interesting
indications about the habitats in which the waggle dance is
beneficial. By orienting the dance floor so the bees have no
reference to gravity, the dance is disrupted and the spatial
information (distance and direction, but not presence and
olfactory information) is lost (Von Frisch, 1967). Consequently,
bees still perform and follow dances but no useful spatial
information is passed on. In a pioneering study, Sherman and
Visscher (2002) looked at the effect of spatial information in
the dance on foraging success during different periods of the
year in California. They found that the spatial information
improved foraging success in the winter, but not in the summer
or autumn months. During winter, resources are sparser than in
summer and using spatial information could be more beneficial
during this period since the chances of discovering resources
by independent scouting are lower. Similarly, a study carried
out by Dornhaus and Chittka (2004) found spatial information
to be beneficial to colony foraging success in a tropical habitat
but not in two temperate habitats (Dornhaus and Chittka,
2004). Again the spatiotemporal distribution of resources was
considered to be the reason for the result as tropical habitats
are characterized by clustered and shorter-lived food sources
when compared to temperate habitats. Donaldson-Matasci and
Dornhaus (2012) assessed the benefits of spatial information
in five habitats and found a positive effect in just one, a
habitat characterized by many flower species. High species
richness might increase the variability of floral rewards in
the environment and spatial dance information could allow
the colony to concentrate foraging on the most rewarding
resources (Donaldson-Matasci and Dornhaus, 2014). Taken
together, these empirical studies suggest that the benefits of the
“dance language” are highly dependent on patterns of resource
availability.
It is important to mention that the failure to detect foraging
benefits of spatial information in certain habitats could be
caused by methodological problems. First, sample sizes were
small in these studies (2–6 colonies per location). Second,
it has been argued that experimental designs were prone to
being confounded by memory effects (Schürch and Grüter,
2014). Colonies were switched between normal and disrupted
dance conditions every 2–3 days (Dornhaus and Chittka, 2004;
Donaldson-Matasci and Dornhaus, 2012) or a variable number
of days (Sherman and Visscher, 2002). Given that bees can
return to the same resource location for many days (Ribbands,
1949; Moore and Doherty, 2009; Grüter and Ratnieks, 2011; Al
Toufailia et al., 2013), it is not possible to determine whether
the food sources exploited during one treatment were discovered
during the same or a previous treatment period. In other words,
a bee exploiting a food source during disoriented conditions
might have been recruited to this food source days earlier by
following an oriented dance. Schürch and Grüter (2014) used
an agent based model to investigate this effect of memory by
simulating various experimental designs (Schürch and Grüter,
2014). Their simulations suggest that the use of individual
memory could have masked the benefits of spatial information
in many environments.
Despite the aforementioned caveats, theoretical modeling
studies strongly support the hypothesis that the benefit of
spatial information depends on the spatiotemporal distribution
of resources. Dornhaus et al. (2006) found that dancing should
be most beneficial in environments where patches are few and of
variable quality (Dornhaus et al., 2006), whereas Beekman and
Lew found that dancing should be advantageous if patch sizes are
small and therefore difficult to find (Beekman and Lew, 2008).
Schürch and Grüter (2014) similarly found dance recruitment
to a resource to be most beneficial when food sites are at low
densities, but their simulations also revealed a more unexpected
finding. It is usually thought that dancing is most beneficial when
resource patches are ephemeral (Sherman and Visscher, 2002;
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Grüter and Ratnieks, 2011), but Schürch and Grüter’s results
suggested spatial information helps most when food sources are
stable for longer periods of time because successful recruitment
events lead to long-term benefits through individual memory
(Schürch and Grüter, 2014).
Given these empirical and theoretical findings it has been
suggested that the “dance language” evolved in a tropical
habitat in response to the clustered spatial distribution of food
patches and the great diversity of food sources (Sherman and
Visscher, 2002; Dornhaus and Chittka, 2004; Dornhaus et al.,
2006). However, it is important to note that details of dance
communication, e.g., the precision of dancing or the ability of
dance followers to extract information and locate advertised
food sources, would most likely have been different when it first
evolved. These aspects affect the costs and benefits of dancing
and, therefore, the colony-level performance gains for dancing
ancestors might have been different.
EVOLUTIONARY CONTEXT: WHERE AND
WHEN DID THE “DANCE LANGUAGE”
EVOLVE?
Extant Species of Apis
The greatest diversity of extant Apis species is found in tropical
Asia. There is debate as to the true number of Apis species: at
the conservative end there are 6 or 7 (Alexander, 1991; Engel
and Schultz, 1997) recognized extant species of Apis, while
others have argued that there are 10 or 11 species (Arias and
Sheppard, 2005; Lo et al., 2010). All extant species dance to
communicate the location of food resources and nest sites (Dyer,
2002; Oldroyd and Wongsiri, 2006; Beekman et al., 2015). There
is a general consensus between morphological, molecular and
behavior studies as to the evolution of the honey bees (Engel and
Schultz, 1997). The dwarf honey bees (extant speciesA. florea and
A. andreniformis) were the first to diverge from an Apis ancestor
(Kotthoff et al., 2013). Dwarf honey bees are open-nesting species
that construct a single wax comb on a tree branch (Alexander,
1991; Wongsiri et al., 1996; Michener, 2000; Arias and Sheppard,
2005). The next species to diverge were the open-nesting giant
honey bees (extant species A. dorsata and A. laboriosa). Giant
honey bees construct a single wax comb under tree branches,
rocks and also human buildings. The most derived species are the
cavity nesting honey bees (extant species A. mellifera, A. cerana,
A. nigrocincta, and A. koschevnikovi).
All extant species dance to communicate the location of food
resources and nest sites (Dyer, 2002; Oldroyd and Wongsiri,
2006; Beekman et al., 2015). Pioneering research by Martin
Lindauer on three of these species led to his proposal that
there is a progression in dance complexity that corresponds
to phylogenetic development of the dance (Lindauer, 1956). A.
florea (dwarf honey bee) uses celestial cues when orienting its
dance and is unable to use gravity as a reference (Lindauer,
1956). This honey bee indicates food source location by dancing
on a horizontal or sloped (Dyer, 2002) surface in the direction
of the food source (Figure 1A) (Koeniger et al., 1982). Apis
dorsata, (giant honey bee) dances on the vertical comb surface
FIGURE 1 | The increasing sophistication of the dance language with
phylogenetic development of the dance. (A) Dwarf honey bees perform
dances on horizontal surface in the direction of the food source. (B) Giant
honey bees perform dances on vertical surface and orient dances with gravity
and celestial cues. Apis dorsata also has auditory cues when dancing. (C)
Cavity-nesting honey bees perform dances in darkness on a vertical surface.
Dances are oriented with gravity and celestial cues. All species produce
auditory cue when dancing. Bees in (B,C) are both dancing directly upwards,
indicating that the food source is in the direction of the sun. Areas of the comb
on which bees dance are colored red.
and therefore cannot point in the direction of the food source
(Dyer, 1985), but instead translates the direction to the food
source in relation to the position of the sun into a waggle run
angle relative to gravity (Figure 1B) (Dyer, 2002, Figure 1.2).
Interestingly, A. dorsata can use gravity without direct sight of
the sun (Dyer, 1985), for example when foraging nocturnally
(using the suns position despite it being beyond the horizon)
or under a blanket of other bees (Dyer, 1985; Oldroyd and
Wongsiri, 2006).Apis dorsata also produce auditory signals when
dancing, which might assist followers in finding and following
dances performed in the dark (Michelsen et al., 1986; Kirchner
and Dreller, 1993). Finally, the most derived form of the waggle
dance is carried out by cavity dwelling A. cerana, A. mellifera, A.
nuluensis, and A. nigrocinta. Cavity dwelling species are able to
use celestial cues on a horizontal dance floor when swarming or
on experimentally manipulated combs (only studied in A. cerana
and A. mellifera), but most of the time they orientate their dances
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with reference to gravity in the dark nest (Figure 1C). These
species also produce auditory signals when dancing (Michelsen
et al., 1986). The ability to orientate dances in complete darkness
might have enabled bees to nest in cavities, because prior to this
they could not communicate in the dark. However, it is possible
that cavity-nesting evolved before the ability to orient dances in
darkness using gravity (Oldroyd andWongsiri, 2006). The dances
of A. mellifera and A. cerana are so similar that each species will
follow and decode dances of the other (Tan et al., 2008).
A study carried out by Raffiudin and Crozier supports several
aspects of Lindauer’s hypothesis of an evolutionary sequence
from open nesting with less complex dances to cavity nesting
with more complex dances (Raffiudin and Crozier, 2007). Based
on DNA sequences of several honey bee species they found
that the common ancestor of extant honey bees probably nested
in the open and likely to have produced silent dances on
a single vertical comb (Engel and Schultz, 1997). Raffiudin
and Crozier (2007) suggest that the common ancestor of Apis
danced vertically, not horizontally like the dwarf honey bees
(but see Engel and Schultz, 1997). The common ancestor of
the giant and cavity-nesting honey bees was inferred to have
had a sound-producing vertical dance (Oldroyd and Wongsiri,
2006) suggesting that sound production when dancing evolved
once. Interestingly, the giant honey bee A. laboriosa does not
seem to produce sounds and it remains unknown whether this
acoustical addition was lost in A. laboriosa or if it were gained
independently in giant and cavity-nesting honey bees (Kirchner
et al., 1996).
Extinct Ancestors
Bees evolved from apoid wasps (Apoidea) approximately 140–
110 million years ago (Danforth et al., 2013). The oldest
known eusocial bee fossil is Cretotrigona prisca. It was found
in Cretaceous New Jersey amber and is estimated to be 65–70
million years old (Michener and Grimaldi, 1988; Engel, 2000).
This fossil is remarkable because of its similarities with workers
of present day stingless bees (Meliponini), which are a derived
group of highly eusocial bees. The fossil indicates that sociality
most likely existed in bees during this period and this is a
key prerequisite for the evolution of dance communication.
The weak fossil record of bees older than 50 million years
means that it is difficult to put an accurate date on the origin
of the genus Apis. Many fossilized Hymenoptera have been
found in Baltic amber (40–50 million years old) (Ruttner,
1988). During this period global temperature started to decrease
(Zachos et al., 2001) and Europe became more temperate.
Such changes would have affected resource distribution and
therefore may have affected the costs and benefits of foraging
communication.
It was long believed that Apis evolved and diversified in
tropical Asia (e.g., Ruttner, 1988), but Apis fossils discovered in
France and Germany in recent years, in combination with the
current distribution of honey bee species, suggest that the center
of origin was in Europe, most likely around the time of the major
climatic shift of the Eocene-Oligocene transition (c. 30million
years ago, see Figure 2) (Engel, 2006; Kotthoff et al., 2013). These
fossils show a remarkable morphological diversity in European
FIGURE 2 | Phylogeny of the Apis genus with timeline (figure adapted
from Engel, 2006). For a more recent phylogeny see Raffiudin and Crozier
(2007). Solid bars show periods from which major fossils have been found.
Species whose timeline finishes with a solid bar are extinct. Colors relate to
nesting/dancing behavior of the groups: green—cavity nesting, vertical
dancing species, blue—open nesting, vertical dancing species and
orange—open nesting, horizontal dancing species. Images show a fossilized
honey bee found in Randeck Maar (Apis armbrusteri Zeuner) (Scale bar =
2mm. Photo from Kotthoff et al., 2011) and an Apis mellifera worker.
Apini during the late Oligocene and early Miocene (Kotthoff
et al., 2011). If the dance did originate at the same time as Apis
then it might have evolved in Europe, rather than in Asia. Fossils
from Japan and the US suggest that different species of honey bee
were present in many areas of the world during the Miocene (Nel
et al., 1999; Engel, 2006; Engel et al., 2009; Kotthoff et al., 2011,
2013), but a global cooling starting inMid-Miocene (c. 15 million
years ago) probably brought the demise of ancient honey bees
in Europe, some parts of Asia and Northern America (Ruttner,
1988; Engel et al., 2009).
We can see evidence of advanced eusociality in Apis fossils
(worker-like morphology), though it is highly likely that it
evolved well before the first Apis appeared [both Cretotrigona
prisca (65–70 million years old) and Electrapis (33.9–56 million
years old) are considered highly eusocial (Engel, 1998; Grimaldi
and Engel, 2005)]. Fossilized A. armbrusteri (see Figure 2), a
honeybee that lived around 25–20 million years ago in Europe
resemble the workers of A. mellifera and one particular A.
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armbrusteri fossil contains 17 closely packed individuals; possibly
a fragment of a swarm (Seeley, 1985).
When and in What Context Did Waggle
Dance Communication Evolve?
Some authors have proposed that the honey bee dance originally
evolved to allow bees to select a nest site and that the dance
was only later co-opted for foraging (Oldroyd and Wongsiri,
2006; Beekman et al., 2008; Beekman and Lew, 2008). Indeed,
dance communication plays a fundamental role during swarming
and nest-site selection (Seeley, 2010): when colonies look for
a new nest site they send out scouts to evaluate and propose
different options to their sisters with their dances. This leads to
the build-up of more scouts at good nest sites until a quorum
is reached at a particularly good site. Then the swarm lifts off
and flies to this new nest location (Seeley, 2010). Thus, it is
hard to see how honey bee swarming would work without dance
communication. Of course if swarming functioned in a different
way in ancestral honey bees then the “dance language” may
not have been required. As we have seen earlier, the “dance
language” does not seem to be equally important in foraging.
There are other species of social insects that communicate the
location of nest sites, but not of food sources. Many swarm-
founding wasps, for example, use pheromone trails to recruit
nest-mates to new nest-sites, but not to food sources (Jeanne,
1980). On the other hand, early Apis were probably open-
nesting species and therefore nest sites (branches on a tree)
would have been relatively easy find in the vicinity of the
mother nest. Food sites, however, were subject to competition
and the dance would enable a colony to locate and exploit
them even if they were at a substantial distance from the
nest (Ratnieks and Shackleton, 2015). The dance may then
have been co-opted for nest site location as bees diversified
and became more specialized. A third possibility is that it
evolved simultaneously in both contexts. If high quality nest
sites and high quality food sources both represent rewards for
bees and are processed in similar ways in the bee brain, then
dance communication might have been used in both contexts
as soon as it appeared. Work on the neurological basis of
reward learning in bees has shown that there are particular
neurons within the bee brain that encode and process reward
information (Hammer, 1997). It would be interesting to know
if the same neurons are involved when evaluating new nest
sites.
Dance communication probably evolved in a highly eusocial
species. However, because the phylogenetic relationships among
the corbiculate bees are still not resolved (reviewed in Almeida
and Porto, 2014) it remains unclear when honey bee ancestors
evolved higher eusociality. If it evolved twice, once in the
Meliponini and once in the Apini (Cameron, 1993; Koulianos
et al., 1999; Cameron and Mardulyn, 2001; Cardinal and
Danforth, 2011), then higher eusociality evolved after the two
groups separated c. 80 million years ago (Cardinal and Danforth,
2011). If, however, Apini and Meliponini are sister groups with
a common highly eusocial ancestor (Roig-Alsina et al., 1993;
Engel, 2001; Noll, 2002; Cardinal and Packer, 2007), then higher
eusociality in Apis ancestors is probably older than 80 million
years. Thus, there is a possibility that spatially referential dance-
like communication evolved as early as c. 70–80 million years
ago. However, this seems very unlikely and the “dance language”
is probably much younger. Extant honey bees diverged in the
early Miocene (ca. 20 million years ago) (Engel, 2006; Cardinal
and Danforth, 2011). Because all extant species use the “dance
language” we can be confident that their common ancestor also
used a dance communication (Oldroyd and Wongsiri, 2006;
Raffiudin and Crozier, 2007). This provides a lower boundary
of c. 20 million years before present for the evolution of the
“dance language.” Genetic analyses suggest the split between the
cavity nesting A. mellifera and A. cerana may have occurred
8 million years ago (Han et al., 2012), which would imply
that the dances in dark cavities are at least 8 million years
old.
Seeley (1985) suggested that a period of honey bee
diversification around the Eocene/Oligocene boundary was
followed by a period of 30 million years of relative stasis in their
morphological evolution. He argued that if social behavior and
worker morphology evolved in tandem, the social organization
and communication system (including the waggle dance) we
see today in honey bees would be at least 30 million years
old (Seeley, 1985). On the other hand, fossils discovered in
recent years show a great amount of morphological diversity in
European Apini during the Miocene (23–5.3 million years ago)
(Kotthoff et al., 2011, 2013). In our opinion, it is currently not
possible to exclude a much earlier or a later origin of the “dance
language.”
CONCLUSIONS
A combination of theoretical and empirical studies has increased
our understanding of why present day honey bees dance to
indicate the location of valuable resources. These studies suggest
that the spatial information acquired from a dance is most
valuable in environments with resources that are spatially
clustered, difficult to find, temporally stable, and variable in
quality. Phylogenetic studies offer support for the theory of
progressing dance complexity with phylogenetic development.
The fossil record of Apis has become more informative in recent
years and this information suggests that the genus originated in
Europe rather than in Asia. This raises the possibility that the
“dance language” evolved in Europe as well. We cannot exclude
that the “dance language” pre-dates the earliest Apis, but it is
likely to be younger and could have evolved as recently as 20
million years ago when the extant honey bee species diverged
during the early Miocene.
Future empirical work should further explore the costs and
benefits of dance communication. The work of Seeley (1983)
and Seeley and Visscher (1988) suggests that dance following
in A. mellifera living in temperate habitats is more costly in
terms of time than independent food search, but leads to
better food sources. However, what about costs and benefits
in other habitats and in other species? Furthermore, if the
waggle dance is of less benefit to the colony in temperate
climates, do bees in temperate areas use the language more
selectively?
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